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TUTORIAL SESSIONS
AUV 96
IEEE Oceanic Engineering Society
June 2-6, 1996 - - - - Monterey, California USA.
Tutorial Sessions will take place on Monday, 3 June, 
at the Hyatt Regency Hotel in Monterey.
TUTORIAL I  
Monday, June 3, 1996 - 8.30a.m. - 12.00a.m.
Hydrodynamics, Dynamics and Control of AUVs
by Douglas E. Humphreys (Vehicle Control Technologies, Inc.)
This tutorial will emphasize the practical aspects of hydrodynamics,
dynamics and control of AUVs. The scope of this tutorial is to survey the
current modeling methodology and yet provide a detailed treatment of
undersea vehicle dynamics. Attendees will come away with a better
understanding of the concepts and the current methodology used in modeling
and simulation of undersea vehicles. Attendees will gain an understanding of
the interrelation-ships of the hydrodynamic coefficients, both linear and
nonlinear. Approaches for estimating coefficients for hulls, fins and
fin-hull combinations will be covered. Use of Bode plots and root locus to
gain insight into AUV design trends will be demonstrated. The
interrelationship between stability and control will be discussed along with
examples that show typical tradeoffs.
TUTORIAL II
Monday, June 3, 1996 - 8.30a.m. - 12.00a.m.
The Kalman Filter: An Introduction to Concepts
by Peter S. Maybeck (Air Force Institute of Technology)
The Kalman filter is discussed as an optimal recursive data processing
algorithm, used to estimate variables of interest on the basis of incomplete
and noise-corrupted data and mathematical models of both system structure
and uncertainties. After the fundamental concepts are presented and
discussed from a practical standpoint, a simple navigation problem is used
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to demonstrate how the filter operates. Throughout the presentation,
physical and geometrical insights are emphasized. Design, performance
analysis, and practical aspects of implementation are then discussed in
detail. Topics to be developed include filter tuning, reduction of order and
complexity, sensitivity analyses, numerical problems (and solutions) due to
finite word length, residual monitoring, adaptive filtering, extended Kalman
filtering, and practical experience with operational filter algorithms.
TUTORIAL III
Monday, June 3, 1996 - 8.30a.m. - 12.00a.m.
Onboard Acoustic Sensors
by Frederick H. Maltz (Engineering Consultant)
This tutorial focuses on the simulation of onboard AUV sonar returns in
shallow water. In particular, statistical models and algorithms are
discussed for targets and reverberation from rough sea surface and bottom.
Sea surface height is modeled as a Markov Random Field followed by a
nonlinear transformation. The bottom terrain height field is created from
plasma fractals. The tutorial includes an introduction to the fundamentals
of high frequency sonar and acoustic scattering from rough surfaces. Side
Look Sonar for object search and Forward Look Sonar for obstacle avoidance
are discussed in the context of signal generation, beamforming, and ray
acoustics. The tutorial also includes an overview of the statistical
principles used to describe the physical environment with computer
simulation examples illustrating the application of these statistical
models.
TUTORIAL IV
Monday, June 3, 1996 - 2.00p.m. - 5:30p.m.
Three-Dimensional Ray Acoustics
Lawrence J. Ziomek (Naval Postgraduate School)
Discussion of the fundamentals of ray acoustics for three-dimensional speeds
of sound, including the derivation and formal solution of the eikonal and
transport equations, and the derivation of the ray equations. Introduction
to and discussion of the Recursive Ray Acoustics (RRA) Algorithm for 3-D
speeds of sound. The RRA Algorithm is a simple, fast, and accurate algorithm
that can be used to find eigenrays and to compute the position, angles of
propagation, travel time, phase, and path length along a ray path and to
draw ray trace plots for speeds of sound that are functions of all three
spatial variables. In addition, the RRA Algorithm can compute the
sound-pressure level (SPL) along individual ray paths for arbitrary,
one-dimensional, depth-dependent speeds of sound.
TUTORIAL V
Monday, June 3, 1996 - 2.00p.m. - 5:30p.m.
Statistical Signal Processing
Charles W. Therrien (Naval Postgraduate School)
This tutorial is a brief introduction to modern statistical methods of
signal processing. The tutorial will begin with an outline of methods for
characterizing and processing random signals and the linear algebra ideas
used in modern signal processing. It will then focus on methods for optimal
signal processing such as Wiener filtering, linear prediction and related
ideas. A final segment will discuss algebraic subspace methods such as MUSIC
and the application of all of these methods to modern spectral analysis. To
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derive the most benefit attendees should have a basic knowledge of linear
systems in the time and frequency domain and be comfortable with basic
probability and the use of matrix and vector notation. Otherwise no
knowledge of signal processing methods is necessary.
TUTORIAL VI
Monday, June 3, 1996 - 2.00p.m. - 5:30p.m.
Using an Underwater Virtual World for AUV Design and Development
Donald P. Brutzman (Naval Postgraduate School)
An underwater virtual world can comprehensively model all salient functional
characteristics of the real world in real time. This virtual world is
designed from the perspective of the robot, enabling realistic AUV
evaluation and testing in the laboratory. 3D real-time graphics are our
window into that virtual world. Visualization of robot interactions within a
virtual world permits sophisticated analyses of robot performance that are
otherwise unavailable. Sonar visualization permits researchers to accurately
"look over the robot's shoulder" or even "see through the robot's eyes" to
intuitively understand sensor-environment interactions. Distribution of
underwater virtual world components enables scalability and real-time
response. The IEEE Distributed Interactive Simulation (DIS) protocol is used
for compatible live interaction with other virtual worlds. Network access
allows individuals remote access. This is demonstrated via Multicast
Backbone (MBone) collaboration with others and World-Wide Web (WWW) access
to pertinent archived images, papers, data sets, software, sound clips, text
and any other computer- storable media. This tutorial will show you how to
access, use and adapt our 3D real-time graphics software for underwater
robotics modeling, hydrodynamics testing, sonar visualization and worldwide




Registration fee is $l25.00 per tutorial which includes admission, printed
handouts, and refreshments.  Please indicate which tutorial(s), I through VI,
you will be attending.
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